1. Background
=============

Advances in perinatal and neonatal care have substantially improved the survival of at-risk infants over the past two decades ([@A5540REF1]). However, these advances have produced little change in the prevalence of developmental disorders among at-risk survivors ([@A5540REF2], [@A5540REF3]). Identifying infants at risk for developmental disabilities is the first step in providing services to maximize their physical and cognitive abilities and to minimize complications. Health conditions, such as a low birth weight, preterm birth, perinatal infection, and birth defects, increase the risk of developmental difficulties. For example, children born with birth defects are almost 27 times more likely to have a developmental disability by age 7 compared to children who were not born with a birth defect ([@A5540REF4]). In Iran, asphyxia, low birth weight, preterm birth, and a high-risk pregnancy have been shown to adversely affect neurological development ([@A5540REF5]-[@A5540REF7]). The American Academy of Pediatrics recommends that pediatricians screen all infants and children during routine office visits for developmental problems ([@A5540REF8]). In the U.S., the emphasis has shifted to screening for disabilities at a younger age: from birth to 2 years ([@A5540REF9]).

Recent epidemiological data indicated that the rate of moderate-to-severe disabilities in at-risk infants in the early years of life was approximately 6.7% - 14% ([@A5540REF10], [@A5540REF11]). It has been estimated that more than 200 million children under 5 years do not reach their full potential in terms of growth, cognition, or socio-emotional development due to risk factors for neurological delay ([@A5540REF12]). In the U.S., about 13% of children aged 3 - 17 years were reported to have at least one developmental disability, and about 1.6% of children were shown to have three or more developmental disabilities ([@A5540REF13]).

Robust estimates of the prevalence of development disabilities in less developed countries are rare. However, given the overall higher prevalence of most diseases of early childhood in less developed countries compared to developed countries, the rates are expected to be at least similar to, if not higher, than those in developed countries. The availability of adequate screening for developmental disabilities is limited in less developed countries where the expenditure on health is significantly lower than in developed countries. Research has shown that improved economic status has positive effects on child development in both developed and developing countries ([@A5540REF14], [@A5540REF15]) and that it may attenuate the negative effects of early developmental problems in the future ([@A5540REF16]). Given the higher rates of poverty in less developed countries, developmental disabilities may have substantial adverse effects on future health and socioeconomic outcomes. In addition to the paucity of data on pediatric neurological development, most extant data were collected using assessments developed for use in European or North American populations. Only a few psychometric tools have been developed specifically to measure neurological development in settings outside of Europe and North America.

There is a need for standardized, psychometrically sound developmental screening instruments that can be used by primary care providers for the early identification of infants with developmental problems in developing countries ([@A5540REF17]). In the present study, the Bayley scales was chosen as a screening instrument. The scales is an individually administered instrument, which assesses the cognitive, language, and motor functioning of infants and young children aged 1 - 42 months. It can be administered by a wide range of health professionals after limited training and in an acceptable time frame ([@A5540REF18]). The Bayley scales can be used to obtain detailed information about the functioning of children, even nonverbal infants.

In common with the majority of available psychometric tests, the Bayley scales originated in the Western world and was designed to suit the culture, language, and socio-economic status of the respective populations. According to De Klerk ([@A5540REF19]), many tests can be adapted from one language and culture to another. However, individual scores based on tests supposedly measuring the same construct in various cultures cannot be interpreted at face value. The influence of culture on measuring specific psychological constructs needs to be explored to be able to adjust measurements to make them meaningful to the particular culture and to obtain equivalent or comparable measures across cultures. The two most important and fundamental characteristics of any measurement procedure are the reliability and validity of the scales. Any kind of assessment, whether traditional or "authentic," must be developed in a way that provides accurate information about the performance of the individual.

2. Objectives
=============

This study was conducted for the purpose of cultural modifications and validation of the Bayley Scales for Persian-speaking children aged 1 - 42 months.

3. Methods
==========

The Bayley screening Test is a subtest of the diagnostic Bayley scales of infant and toddler development ([@A5540REF20]). Items in the subtest have been shown to be particularly valuable in screening high-risk infants for developmental delay ([@A5540REF18]). The cut scores are used to determine whether the child shows competence in age-appropriate tasks, shows evidence of emerging age-appropriate skills, or shows evidence of being at risk for developmental delay. The infant's total score is then compared to norms in order to classify the child as competent or at risk of developmental delay. The test takes approximately 15 - 30 minutes to administer (15 - 20 minutes for children aged 12 months and younger and approximately 30 minutes for children aged 13 months and older) ([@A5540REF18]).

In this study, an expert team performed translation and back-translation, assessed the content and construct validity of the scale, and made cultural and lingual modifications. To assess the reliability, the internal consistency (Cronbach's alpha coefficient for each the five domains and each age group), test-retest, and inter-rater reliability were determined. A factor analysis and comparison of the mean scores of the groups were used to assess the validity. In accordance with other studies that used factor analysis and the Comrey sample size criterion ([@A5540REF21]), the sample size was determined to be 400 people in four age groups. The participants were selected from our centers using continuous sampling. A principal components analysis (PCA) was used to determine how many factors were significant in the test.

Prior to performing the factor analysis, the Kaiser-Meyer-Olkim measure of sampling adequacy was applied. The results yielded a sample adequacy value of 0.948 - 0.964. In addition, Bartlett's test of sphericity was significant (P \< 0.0001) in five domains. Therefore, a factor analysis of the correlation matrix of the questionnaire items was performed to ensure that none of the items was equal to zero. The Eigen-value and ratio of variance explained by each factor were used to determine the number of saturated significant factors in each section of the study test.

A pilot study was then carried out with 45 children aged 1 - 42 months to determine the degree of "clarity" of the items and their cultural appropriateness and to detect ambiguous items. The children were recruited using convenience sampling. The inclusion criteria were age 1 - 42 months of age, Persian speaking, and lacking developmental disorders. Informed consent was acquired from the parents of the children, and the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki, as reflected by a priori approval by the institution's human research committee.

To test the study sample, a group of specialists, including experts in psychometrics and occupational therapists, was selected following an interview, and the group underwent a training course. The training course consisted of observations of training videotapes, observations of field assessments of 10 infants of various ages administered by an experienced psychologist and administration of each version to 10 infants of various ages. The raters were required to achieve agreement of \> 90% compared with the results of the experienced psychologist.

After seeking the approval of health centers, the translated versions of the items were administered by the raters to the participants in the study.

4. Results
==========

Among the 403 children in the study, 195 (48.4%) were girls. Seventy-eight (19.4%) of the children were aged 7 - 12 months, and 125 (31%) were aged 1 - 6-months.

To determine the psychometric properties of the test, the items in each domain were translated to the Persian language and then back-translated by two independent native translators who also had experience in the field of child development. By comparing the two versions, the discrepant parts were identified and corrected. A panel of eight experts (two pediatricians, one psychologist, two speech pathologists, two pediatric occupational therapists, and one psychometrist) then assessed the content validity of the resulting Persian test. This expert team performed cultural and lingual modifications. Although the team attempted to preserve the headings in the original version, some modifications had to be made to ensure cultural compatibility and greater clarity of the Persian version. Most of the modifications in the domain "receptive and expressive communication" pertained to the language domain but were not limited to this domain. The modifications to the instructions of the receptive communication subscale were as follows: Unfamiliar games were replaced with more familiar ones, and the words "glass," "ball," "sweet," and "bird" were replaced with "cup," "cube," "cake", and "fish," respectively. These modifications were in accordance with studies on vocabulary development in Persian-speaking children ([@A5540REF22], [@A5540REF23]). Another modification made to the instructions related to the expression of possession. Furthermore, as the Persian language has only one pronoun for both boys and girls, gender was mentioned, in addition to the pronoun. The modifications to the instructions of expressive communication subtests were changes made in auxiliary verbs (not usually used in Persian), continuous verbs in the administration manual, different signs for future and continuous present verbs in Persian grammar, and plurals because Persian-speaking children would have difficulty expressing these items. Some modifications were also made to the cognitive and motor domains, such as the replacement of traditional games and changes to pictures and storybooks.

The internal consistency of the Bayley subtests was assessed using the Cronbach alpha method. The reliability coefficients and standard error of measurement (SEM) are presented in [Table 1](#A5540TBL1){ref-type="table"}. The stability of the scores of the Bayley Scales over time was assessed in a separate study of 45 children who were tested twice (4 - 7 days retest) by the same raters. The test-retest reliability was estimated using Pearson's correlation coefficient ([Table 2](#A5540TBL2){ref-type="table"}). To determine the inter-rater reliability, two raters administered the revised version of the test to 36 children ([Table 3](#A5540TBL3){ref-type="table"}).

###### Reliability Coefficients and Standard Error of Measurement (SEM) of the Bayley Screening Subtests (n = 403)

  Subtests                       Alpha Coefficients   SEM    
  ------------------------------ -------------------- ------ ------
  **Cognitive**                  0.79                 1.79   1.63
  **Receptive communication**    0.76                 1.40   1.49
  **Expressive communication**   0.81                 1.38   1.53
  **Fine motor**                 0.80                 1.41   1.53
  **Gross motor**                0.81                 1.54   1.56

###### Stability Coefficients of the Bayley Screening Subtests (n = 45)

  Subtests                       Pearson's Correlation Coefficient
  ------------------------------ -----------------------------------------------
  **Cognitive**                  0.98^[a](#A5540TBL2FN1){ref-type="table-fn"}^
  **Receptive communication**    0.97^[a](#A5540TBL2FN1){ref-type="table-fn"}^
  **Expressive communication**   0.97^[a](#A5540TBL2FN1){ref-type="table-fn"}^
  **Fine motor**                 0.97^[a](#A5540TBL2FN1){ref-type="table-fn"}^
  **Gross motor**                0.98^[a](#A5540TBL2FN1){ref-type="table-fn"}^

^a^P \< 0.01.

###### Inter-Rater Coefficients of the Bayley Screening Subtests (n = 36)

  Subtests                       Pearson's Correlation Coefficient
  ------------------------------ ------------------------------------------------
  **Cognitive**                  0.993^[a](#A5540TBL3FN1){ref-type="table-fn"}^
  **Receptive communication**    0.999^[a](#A5540TBL3FN1){ref-type="table-fn"}^
  **Expressive communication**   0.991^[a](#A5540TBL3FN1){ref-type="table-fn"}^
  **Fine motor**                 0.998^[a](#A5540TBL3FN1){ref-type="table-fn"}^
  **Gross motor**                0.990^[a](#A5540TBL3FN1){ref-type="table-fn"}^

^a^P \< 0.01.

In the PCA of the nature of the relationships between the test headings and to obtain definitions of the factors, it was assumed that coefficients greater than 0.3 were significant factors and that those less than 0.3 were random factors. Based on a range of 0.3 - 0.8 for the various headings of the five domains, we concluded that a single-factor model was the best structure for the Bayley Screening Test. In other words, this model was sufficiently reliably to assess the construct of the developmental progression of infants aged 1 - 42 months.

[Table 4](#A5540TBL4){ref-type="table"} presents the first Eigen-value and percentage of variance explained by the first factor in the PCA. The results indicated that a single-factor model was the best model in each domain for performing the factor analysis in each domain.

###### Results of the Principal Components Analysis (PCA)

                                         Factors                              
  -------------------------------------- --------- -------- -------- -------- --------
  **The first Eigen value**              14.91     11.074   11.398   11.391   11.670
  **Percentage of explained variance**   42.700    46.142   47.490   42.190   41.680

The nature and content of the test are concerned with progressive development. Thus, to determine the performance in the test according to chronological age, the scores of the age groups in the five domains were compared using a one-way variance analysis (ANOVA). The F index for cognitive, receptive, and expressive communication subtests and gross and fine motor subtests was 1202.74, 969.88, 826.61, 814.51, and 872.94 respectively (P \< 0.01). As the F index was larger than 0.01, with degrees of freedom of 3 and 399 (3.83), the null hypothesis was rejected with 99% confidence based on the equality in the mean scores of four age groups. The Scheffe post hoc test was used in a paired comparison of the mean test values. The differences between the mean values are shown in [Table 5](#A5540TBL5){ref-type="table"}.

###### Mean Test Comparison of the Scores of the Different Age Groups in the Five Domains

  Age Group 1   Age Group 2   Mean Test Difference (Significance Level; P Value)^[a](#A5540TBL5FN1){ref-type="table-fn"}^                           
  ------------- ------------- --------------------------------------------------------------------------------------------- ------- ------- ------- -------
  **A**         B             6.58                                                                                          4.19    3.82    4.38    6.03
                C             14.27                                                                                         10.87   10.56   10.67   12.16
                D             22.59                                                                                         16.90   16.87   17.41   17.98
  **B**         C             7.69                                                                                          6.68    6.74    6.30    6.13
                D             16.01                                                                                         12.71   13.05   13.03   11.96
  **C**         D             8.32                                                                                          6.03    6.30    6.73    5.28

^a^P \< 0.01 for all values.

5. Discussion
=============

Screening tests are generally designed in two forms: objective and subjective. In objective tests, the examiners directly observe and assess an infant's behavior. Example include the Denver II, early learning milestone scale for screening language skills, and Brigance, Battelle, and Bayley scales ([@A5540REF24]). Subjective tests are developmental questionnaires completed by parents, such as the parent evaluation of developmental status and the ages and stages questionnaire (ASQ). Parents' views of the developmental status of their infants have been considered appropriate and reliable for years ([@A5540REF25], [@A5540REF26]). However, subjective tests have some weaknesses. For example, poorly educated parents may have difficulty reading a questionnaire, although this difficulty can be overcome by asking parents in an appropriate way. Furthermore, some physicians have opined that highly educated parents may be oversensitive to their infants' development and that the use of parent-based questionnaires can lead to increased referrals ([@A5540REF25], [@A5540REF26]). Thus, there are some doubts about the credibility of information provided by parents. It should be noted that questionnaires are used in two-stage screenings, and suspected or unsuccessful cases should be assessed through diagnostic tests or objective screenings that require greater amount of time and skill ([@A5540REF25], [@A5540REF26]).

There are no comprehensive tools applicable to all societies and all age groups, and there are no culturally compatible screening tools in many developing countries ([@A5540REF25], [@A5540REF26]). Thus, unstandardized tools should first be standardized according to the population of each country ([@A5540REF25], [@A5540REF26]). Developmental screening tools that have been translated into the Persian language include the Denver test and ASQ, whose criterion validity has not been verified. Denver II is an objective test for developmental screening of children from birth to the age of 8 years ([@A5540REF27], [@A5540REF28]). The sensitivity and specificity of this test have been reported to range from 40% - 83% to 40 % - 80%, respectively ([@A5540REF27], [@A5540REF28]). In Iran, the psychometric properties of the Denver test were compared with those of the ASQ in a sample of 197 children ([@A5540REF29], [@A5540REF30]). The authors reported that the Kappa agreement between the two tests was poor (0.21), with agreement of 0.17 with the results of a physical examination. Therefore, the authors concluded that the Kappa agreement coefficient was poor in the Denver test. Due to its wide range of sensitivity and specificity, the Denver II test is not recommended ([@A5540REF27]).

The ASQ has been standardized in Iran. However, as a standard Iranian diagnostic developmental test is not available, the criterion validity, sensitivity, and specificity of the Persian version have not been determined ([@A5540REF31]). The ASQ has some strong points. Unlike objective tests, it does not require the cooperation of the infant, and it has been designed according to developmental indices, which can be taught to parents. In addition, the ASQ is economical, and it can be administered in a short time. Its weaknesses include the need for a large space to store it, with its 4 - 5 pages ([@A5540REF27]). Furthermore, poorly educated parents may find it difficult to complete, and it is unable to detect developmental delay in 13% of children ([@A5540REF27]). Thus, its use in high-risk groups is uncertain.

The Bayley screening test items are a subtest of the cognitive, language, and motor items of the Bayley diagnostic test ([@A5540REF18]). In the U.S., the evidence of Bayley screening test validity was conducted to examine the relation between performance on the Bayley diagnostic and Bayley screening test. Scores of 1 - 4 in the Bayley diagnostic test were equivalent to the criterion used to define the at-risk category in the Bayley screening test, and Bayley diagnostic test scores of 5 - 7 were equivalent to the criterion used to define the emerging category ([@A5540REF18]). In that study, for children with Bayley diagnostic test scores of 1 - 4 (very low), the classification accuracy was moderate. The number of such children correctly identified by the Bayley screening test as being at risk ranged from 41.82% on the fine motor subtest to 65.91% on the receptive communication subtest, and none of these children was incorrectly classified as proficient. In the same study, for children with Bayley diagnostic test scores of 5 - 7, the Bayley screening test was even more accurate. The numbers of these children correctly identified as "emerging" ranged from 63.87 for the cognitive subtest to 77.78% for the receptive communication subtest. The numbers of such children misidentified as at risk was very low, ranging from 0.82% - 5.21%. For children with Bayley diagnostic test scores of 8 - 19, the Bayley screening test was very accurate, with 83.84% correctly identified as proficient in the cognitive subtest and 92.11% identified as proficient in the receptive communication subtest ([@A5540REF18]). Furthermore, none of the children was incorrectly identified as at risk. Of note, in this classification, no child had a Bayley diagnostic test score of 1 - 4 (very low) and a Bayley screening test score in the component category, and no child had a Bayley diagnostic test scaled score of 8 - 19 (high) and a Bayley screening test score in the at risk category. This test was also shown to be valid in Taiwan, Canada, and the U.K. ([@A5540REF32]-[@A5540REF34]). In a study in the U.S., compared to the Alberta motor development scale, the Bayley motor subscale showed a higher correlation in early referral of high-risk infants to interventional service centers ([@A5540REF34]), confirming the suitability of its application in such cases.

An examination of the relation between a test's content and the construct it is intended to measure provides a major source of evidence for the validity of the test. Evidence of content validity is not based on empirical or statistics testing: rather, it is the degree to which the test items adequately represent and relate to the trait or function that is being measured. The test content also involves the wording and format of the items, as well as the procedures for administering and scoring the test. In the present study, the content validity of the test was confirmed by eight experts in child development, and the construct validity was confirmed using a factor analysis and comparison of the scores of the different age groups.

In the present study, in terms of the cultural and linguistic appropriateness of the items for Persian-speaking children, several items were modified. Other studies of screening tests, such as the ASQ, performed a similar process of item modification ([@A5540REF35]-[@A5540REF37]). According to the Scheffe post hoc test, there was a significant difference between the mean values, thereby indicating a correlation between the age and test scores in the five domains, with higher scores associated with increased age. These results confirmed the validity of the test construct. To confirm the reliability of the instrument, its internal consistency was determined, in addition to test-retest and inter-rater values. As shown by the assessment of internal consistency using Cronbach's alpha method, the reliability of the cognitive scale, receptive, and expressive communication scales was .79, .76, and .81, respectively, and the reliability of the fine motor and gross motor scales was .80 and .81, respectively, with a small SEM (\< 2). A study in the U.S. reported similar reliability results, with good internal consistency (0.82 - 0.88) and test-retest reliability of 0.80 - 0.83 ([@A5540REF18]).

In this study, the inter-rater and intra-rater reliability coefficients of the test were excellent for all the subtests. The results indicate that raters who receive training in how to administer the Bayley scales can reliably assess Persian infants. The reliability data also suggest that the scores for the subtests reflect a high degree of internal consistency in the items and that this version of the Bayley screening test is equally reliable for assessing individuals with different levels of development. In the present study, the Bayley screening test scores showed very good stability over time across the age groups. Thus, the results of the test provide a reliable measurement, and the scores a child obtains in the test can be interpreted with a high level of confidence.

One of the first cross-cultural psychometric studies of the application of the Bayley scales to infants in an Eastern setting was a study of term and preterm Taiwanese infants. In that study, the correlations between the BSID-II and Bayley-III raw scores were good-to-excellent for the cognitive and motor items and low-to-excellent for the language items. In addition, both intra- and inter-rater reliability showed good-to-excellent correlations (\> 0.75) and small SEMs (\< 2) for term and preterm Taiwanese infants aged 6 - 24 months ([@A5540REF32]).

The major strengths of the present study were the use of an objective assessment of five developmental domains and the inclusion of infants aged 1 - 42 months old children. The revised scale is appropriate for follow-ups of at-risk infants.

5.1. Conclusions
----------------

This study demonstrated high reliability, content validity, and construct validity for all the subtests of the Bayley screening test. The results indicate that the Bayley screening test is a reliable and valid tool for the assessment of child development in the Middle East.
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